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INTRODUCTION 

There  a re  seve ra l  reasons f o r  r e q u i r i n g  v o l a t i l i t y  i n f o r m a t i o n  i n  coa l  : 

Env i ronmenta l  
The f lame tempera tu re  w i t h i n  t h e  b o i l e r  f u r n a c e  o f  a p u l v e r i z e d  f u e l  power 

s t a t i o n  may reach w e l l  above 1600'C when b u r n i n g  a b i t u m i n o u s  c o a l .  The h i g h e r  
t h e  v o l a t i l i t y  o f  an e lement  a t  tempera tures  o f  t h i s  magn i tude t h e n  the  h i g h e r  
w i l l  be t h e  p r o p o r t i o n  o f  t h e  e lement  wh ich  w i l l  e v e n t u a l l y  escape t o  
atmosphere, e i t h e r  i n  vapor  fo rm o r  i n  condensed form on u n p r e c i p i t a t e d  f l y  ash 
p a r t i c l e s .  Elements wh ich  d i s p l a y  some t o x i c i t y  towards  human, animal o r  p l a n t  
l i f e  w i l l  t h e r e f o r e  tend  t o  impose a degree o f  d e t r i m e n t a l  impact  on t h e  
env i ronment .  

E n g i n e e r i n g  d e s i y n  

system must accommodate e lements  r e p o r t i n g  t o  t h e  p r i m a r y  bo t tom ash, 
p r e c i p i t a t e d  and u n p r e c i p i t a t e d  f l y  ash, and gaseous d i s c h a r g e  components. 
Foreknowledge o f  v o l a t i l i t y  i n f o r m a t i o n  can a s s i s t  i n  t h e  i n t e r p r e t a t i o n  o f  
da ta .  

A n a l y s i s  
Some techn iques  a r e  s u i t a b l e  

f o r  t h e  d i r e c t  d e t e r m i n a t i o n  o f  many e lements  i n  who le  coa l  samples w h i l e  o t h e r  
techn iques  r e q u i r e  an ashed sample. 

Data base i n f o r m a t i o n  

tempera tures  and atmospheres have been pub l i shed .  An i n v e s t i g a t i o n  c o v e r i n g  a 
l a r g e  number o f  e lements ,  coa l  types ,  and ash ing  tempera tu res ,  would c o n t r i b u t e  
s i g n i f i c a n t l y  t o  an unders tand ing  o f  what c o u l d  be expec ted  under  a g i v e n  s e t  o f  
c i r cums tances  . 

The achievement o f  a s a t i s f a c t o r y  mass ba lance  s t u d y  o f  a coa l  combust ion  

Coal i s  a v e r y  complex heterogeneous m a t r i x .  

Many r e p o r t s  o f  e lemen ta l  v o l a t i l i t i e s  a t  v a r i o u s  ranges o f  ash ing  

The l i t e r a t u r e  on e lement  v o l a t i 1 i t y . i n  coa l  i s  e x t e n s i v e .  A summary has been 
compi led  and d i scussed  i n  t h e  d e t a i l e d  NERDDP Repor t  c o v e r i n g  t h i s  work ( 1 ) .  
d i f f e r e n t  r e p o r t s  a r e  compared i n c o n s i s t e n c i e s  occu r  f o r  many e lements  as ash ing  
tempera tu res  a r e  r a i s e d  f rom 370' t o  2200°C. Severa l  r e p o r t s  d e t a i l i n g  ash d e r i v e d  
froin r a d i o f r e q u e n c y  oxygen plasma ash ing  (RFA) a t  15OoC i n d i c a t e  q u a n t i t a t i v e  
r e t e n t i o n  o f  most e lements  s t u d i e d  making i t  a v e r y  s u i t a b l e  m a t e r i a l  f o r  t h e  
a n a l y s i s  o f  i n o r g a n i c  e lements  i n  c o a l .  

p resen t  a t  t r a c e  t o  m i n o r  c o n c e n t r a t i o n s  i n  s i x  c o a l  samples. 

When 

T h i s  i n v e s t i g a t i o n  was des igned t o  s tudy  t h e  l o s s e s  o f  58 i n o r y a n i c  e lements  
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EXPEK IMENTAL 

A s e t  o f  s i x  c o a l s  ( f o u r  r e p r e s e n t a t i v e  A u s t r a l i a n  b i tum inous  c o a l s  and two IJS 
NBS s tandards ,  1632A and 1635) were chosen t o  fo rm t h e  p r imary  samples f o r  t h i s  
e f f o r t .  Severa l  o t h e r  c o a l s  were s e l e c t e d  t o  p r o v i d e  f u r t h e r  i n f o r m a t i o n  on 
spec i  f i c e l  ements . 
S i e b t e c h n i k  m i l l .  The p rocedures  f o r  t h e  p r e p a r a t i o n  o f  t h e  ash res idues  were as 
f o l  1 ows : 

150°C(RFA) - m u l t i p l e  0.6 y samples were processed i n  r e f r a c t o r y  boa ts  w i t h  a l a y e r  
l o a d i n g  o f  1.5 mg/mm2 i n  an LFE-504 Low Temperature Plasma Asher (150W 
power, 150 m l /m in  oxygen f l o w  r a t e )  u n t i l  c o n s t a n t  we igh t  was 
ach ieved.  The samples were removed f rom t h e  asher  t h r e e  t imes  d a i l y  
and raked w i t h  a s t a i n l e s s  s t e e l  s p a t u l a  t o  p resen t  a f r e s h  s u r f a c e  f o r  
o x i d a t i o n .  T o t a l  ash ing  t i m e  f o r  each sample was approx ima te l y  t h r e e  
days, excep t  NBS1635 wh ich  r e q u i r e d  seven days. 

37OOC - samples were p l a c e d  d i r e c - t l y  i - n to  a i a b o r a t o r y  a i r  oven m a i n t a i n e d  a t  
the requ i - red  tempera ture ,  and remained u n t i l  cons tan t  we igh t  was 
ach ieved  (app rox .  1 4  days ) .  

m in ,  t r a n s f e r r e d  t o  a second m u f f l e  a t  50OoC and b r o u g h t  t o  815OC over  
30 m in ,  t hen  h e l d  a t  815'C f o r  30 min.  

Each o f  t h e  c o a l s  was m i l l e d  t o  l e s s  than  76 um p a r t i c l e  s i z e  i n  a Slow speed 

- 

815'C - samples were p laced  i n  a fu rnace a t  200°C, and b rouyh t  t o  500'C ove r  30 

150OOC - samples o f  815°C ash were p laced  i n  a 10  m l  p l a t i n u m  c r u c i b l e  
( s p e c i a l l y  a l t e r e d  by  t h e  a t tachment  o f  f i n e  p l a t i n u m  w i r e s  t o  a l l o w  
m a n i p u l a t i o n  f rom above) ,  l owered  i n t o  t h e  h o t  zone o f  a v e r t i c a l  t ube  
fu rnace ,  and h e l d  a t  t h i s  tempera tu re  f o r  30 min .  A l l  o f  t h e  res idues  
f rom t h i s  p rocedure  had fused,  and were p u l v e r i z e d  i n  a S i e b t e c h n i k  
m i l l .  

The a n a l y t i c a l  methods employed f o r  d e t e r m i n i n g  t h e  58 e lements  i n  t h i s  s tudy  
were X- ray  spec t roscopy  (XRF), i n s t r u m e n t a l  n e u t r o n  a c t i v a t i o n  a n a l y s i s  (NAA), 
a tomic  a b s o r p t i o n  spec t roscopy  (AAS), i n d u c t i v e l y  coup led  plasma spec t roscopy  ( ICP) ,  
s p e c i f i c  i o n  e l e c t r o d e  p o t e n t i o i n e t r y  (IS€), and o p t i c a l  em iss ion  spec t roscopy  
( O E S ) .  The s p e c i f i c  d e t a i l s  f o r  t h e s e  procedures  have been p r e v i o u s l y  pub1 i shed  
(1 -6) .  The e lements  de te rm ined  by  each techn ique  a r e  summarized i n  Tab le  1. I n  
many cases, where p o s s i b l e ,  e lemen ts  were de te rm ined  b y  seve ra l  methods. 

RESULTS AND DISCUSSION 

An e lement  was c o n s i d e r e d  v o l a t i l e  i f  t h e  d i f f e r e n c e  between i t s  c o n c e n t r a t i o n  
i n  the  s t a r t i n g  c o a l  and i n  t h e  ash, on a no rma l i zed  b a s i s ,  was g r e a t e r  t h a n  t h e  
exper imen ta l  u n c e r t a i n t y  f o r  a p a r t i c u l a r  element.  A g r e a t e r  t han  20 p e r c e n t  change 
i n  c o n c e n t r a t i o n  was u s u a l l y  r e q u i r e d  f o r  t h e  change t o  be c o n s i d e r d  s i g n i f i c a n t .  
The v o l a t i l i t y  o f  an e lement  was d e s i g n a t e d  i n c o n c l u s i v e  when i t  was ve ry  near  the  
exper imen ta l  u n c e r t a i n t y  o r  i f  d i f f e r e n t  a n a l y t i c a l  t echn iques  i n d i c a t e d  c o n f l i c t i n g  
r e s u l t s .  

The r e s u l t s  o f  t h i s  s tudy  a r e  summarized i n  Tab le  2. On ly  s i x  o f  t h e  58 
e lements  i n v e s t i g a t e d  underyo  some degree  o f  v o l a t i l i z a t i o n  a t  t empera tu res  up t o  
815OC. 
selenium--was augmented a t  h i g h e r  tempera tu re ,  15OO0C, by  a f u r t h e r  t e n - - a r s e n i c ,  
g a l l i u m ,  germanium, manganese, po tass ium,  sodium, s t r o n t i u m ,  t h a l l i u m ,  y t t r i u m ,  and 
z inc - -wh ich  were each v o l a t i l i z e d  f rom a t  l e a s t  one o f  t h e  c o a l s .  Note  i n  Tab le  2 
t h a t  B i ,  Gd, Ho, and Te were be low t h e  l i m i t s  o f  d e t e c t i o n  f o r  a l l  t h e  s i x  c o a l s  

T h i s  g roup of e lements - -boron,  bromine, cadmium, f l u o r i n e ,  mercury ,  and 

1 
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i n v e s t i g a t e d ,  e l i m i n a t i n g  t h e  e v a l u a t i o n  o f  v o l a t i l i t y  t rends .  
Oy, and P) were be low d e t e c t i o n  i n  f o u r  o f  t h e  coa ls .  R e s u l t s  f o r  NBS1635 i n d i c a t e d  
seventeen elements were be low l i m i t s  o f  d e t e c t i o n .  Thus, under t h e  o x i d i z i n y  
c o n d i t i o n s  p r e v a l e n t  d u r i n g  t h e  p r e p a r a t i o n  o f  t h e  v a r i o u s  coa l  ashes, t h e r e  were 38 
e lements  which a t  no s tage  were observed t o  undergo s i g n i f i c a n t  v o l a t i l i z a t i o n .  

- RFA V o l a t i l i z a t i o n  

O the r  e lements  ( I n ,  

Mercury was c o n s i s t e n t l y  r e t a i n e d  i n  t h e  RFA r e s i d u e  o f  each o f  t h e  s i x  c o a l s  
s t u d i e d  i n  t h i s  p r o j e c t .  
unambiguous l o s s  o f  mercury .  
a c t u a l  tempera ture  o f  t h e  o x i d a t i o n ,  p o s s i b l y  e x p l a i n s  t h i s  d i sc repancy .  F o r  
example, t h e  sample l a y e r  l o a d i n y  w i t h i n  each sample c o n t a i n e r  i n s i d e  t h e  RF ash iny  
i ns t rumen t ,  t h e  p a r t i c l e  s i z e ,  t h e  m i n e r a l  m a t t e r  c o n t e n t ,  and t h e  chemica l  
compos i t i on ,  c o u l d  a l l  p l a y  a p a r t  i n  i n f l u e n c i n g  t h e  l o c a l i z e d  tempera ture .  

The i m p l i c a t i o n  o f  t h e  l i t e r a t u r e  was t h a t  b romine i s  v o l a t i l i z e d .  The 
' d i f f e r e n c e '  between t h e  l i t e r a t u r e  and t h e  p resen t  work d e r i v e s  f rom t h e r e  b e i n g  a 
v a r i a b l e  l o s s  observed h e r e i n ,  w i t h  f o u r  c o a l s  showing d e f i n i t e  v o l a t i l i z a t i o n ,  one 
(SC143B) showing r e t e n t i o n ,  and one (NBS1635) b e i n y  i n c o n c l u s i v e .  

c o n s i s t e n t l y  i s  r e t a i n e d  under t h e  c o n d i t i o n s  o f  RFA p r e p a r a t i o n .  There was, 
however,  t h e  s i n g l e  i n c i d e n c e  w i t h  SC146 i n  t h e  p resen t  work f o r  wh ich  t h i s  e lement  
was cons ide red  t o  have been v o l a t i l i z e d .  

Converse ly ,  t h e  l i t e r a t u r e  has r e p o r t e d  t h e  c o n s i s t e n t  and 
A t t e n t i o n  t o  d e t a i l s  o f  RF ash iny ,  wh ich  i n f l u e n c e  t h e  

Selenium i s  g e n e r a l l y  regarded as a r e l a t i v e l y  v o l a t i l e  t r a c e  e lement  though  

On ly  f l u o r i n e  was found t o  be v o l a t i l i z e d  s i g n i f i c a n t l y  d u r i n y  t h e  o x i d a t i o n  o f  

Low tempera tu re  ash i  ny,  a l t h o u g h  a t i m e  consuminy procedure ,  i s  h i g h l y  

each o f  t h e  coa ls .  

recommended f o r  p r e p a r i n g  coa l  samples f o r  ana lyses  where t h e  a n a l y t i c a l  method t o  
be used r e q u i r e s  t h e  carbonaceous m a t e r i a l  t o  be removed. O f  a l l  t h e  e lements  
surveyed i n  t h i s  s t u d y  o n l y  a few (F,  Br,  B, and Se) i n d i c a t e d  s i g n i f i c a n t  
v o l a t i l i t y .  It i s  recommended t h a t  l a b o r a t o r i e s  check t h e i r  ash ing  procedures  
c r i t i c a l l y  ( e s p e c i a l l y  f o r  Hg) b e f o r e  a t t e m p t i n g  t h i s  approach however. 

37OoC V o l a t i l i z a t i o n  

A t  a tempera tu re  o f  370°C se len ium was s i g n i f i c a n t l y  v o l a t i l i z e d  from f o u r  o f  
t h e  s i x  coa ls .  
l o s t  under these  ash ing  c o n d i t i o n s .  

Boron occup ies  a c u r i o u s  and s p e c i a l  p o s i t i o n ,  w i t h  r e g a r d  t o  t h e  v o l a t i l i t y  
d a t a  i n  t h i s  work as w e l l  as t o  t h o s e  l i t e r a t u r e  r e p o r t s  wh ich  have addressed t h e  
l ower  tempera tu re  v o l a t i l i z a t i o n  behav io r  o f  t h i s  e lement .  Boron v o l a t i l i z a t i o n  
d a t a  i m p l i e d  t h a t  t h e r e  were o c c a s i o n a l l y  s u b s t a n t i a l  l o s s e s  a t  370OC. 
815OC ash d a t a  f o r  t h e  above-ment ioned c o a l s  i n d i c a t e d  a r e t e n t i o n  o f  boron. The 
r e s u l t s  o f  t h e  p r e s e n t  s tudy  may be i n t e r p r e t e d  i n  te rms o f  r e s p e c t i v e  k i n e t i c s  f o r  
l o w  tempera tu re  v o l a t i l i z a t i o n  and h i g h e r  tempera tu re  o x i d a t i v e  r e t e n t i o n .  
w e l l  known t o  be p redominan t l y  a s s o c i a t e d  w i t h  o r g a n i c  m a t t e r  i n  c o a l s ,  an 
a f f i l i a t i o n  wh ich  has been proposed t o  e x p l a i n  t h e  h i g h  emiss ions  o f  t h i s  o t h e r w i s e  
r e f r a c t o r y  e lement  i n  t h e  s tack  gases from c o a l  f i r e d  power s t a t i o n s  ( 7 ) .  The 
compet ing  r e a c t i o n s  o f  o rgano-boron v o l a t i l i z a t i o n  and o x i d a t i o n  must be cons ide red  
t o  f a v o r  t h e  former a t  l o w  tempera tu res  and t h e  l a t t e r  a t  h i g h e r  tempera tures .  The 
absence o f  370°C l o s s  f o r  fl c o a l s ,  p l u s  t h e  v a r i a b l e  b e h a v i o r  w i t h  t h e  NBS1635 
ashes, i m p l i e s  a p robab le  s t r o n g  dependence o f  bo ron  v o l a t i l i t y  upon t h e  chemica l  
forms o f  t h e  e lement  p r e s e n t  i n  i n d i v i d u a l  c o a l s ,  and p o s s i b l y  l o c a l i z e d  o x i d a t i v e  
c o n d i t i o n s  d u r i n y  t h e  p r e p a r a t i o n  o f  t h e  ash res idues .  

I n  c o n t r a s t  t h e  l i t e r a t u r e  i m p l i e s  t h a t  se len ium i s  c o n s i s t e n t l y  

However, t h e  

Boron i s  
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815'C V o l a t i l i z a t i o n  

The 500"-9OO0C t e m p e r a t u r e  range ashes have been t h e  most e x t e n s i v e l y  
i n v e s t i g a t e d  i n  t h e  l i t e r a t u r e ,  w i t h  15 separa te  works b e i n g  a v a i l a b l e  f o r  
compar isons  w i t h  t h e  r e s u l t s  o f  t h e  p resen t  s tudy .  
" i n c o n c l u s i v e "  r e t e n t i o n  f r o m  l i t e r a t u r e  r e p o r t s  were found t o  be e s s e n t i a l l y  
r e t a i n e d  i n  t h e  815°C ash i n  t h i s  s tudy .  T h i s  i n c l u d e d  Sb, A s ,  8, C r ,  Co, Cu, Ga, 
Pb, Mn, Mo, Sn, T i ,  V and Zn. 
a t  815°C i n  c o n t r a s t  t o  l i t e r a t u r e  r e p o r t s  where r e t e n t i o n  was c la imed.  A l l  coa ls  
s t u d i e d  showed some s i g n i f i c a n t  l o s s  o f  Se a t  t h i s  tempera tu re .  
be e s s e n t i a l l y  r e t a i n e d  i n  t h e  s i x  c o a l s  t e s t e d .  

Four teen  e lements  l i s t e d  as 

Cadmium was found t o  be v o l a t i l i z e d  i n  seve ra l  coa ls  

Sodium was found t o  

15OO0C Vol a t i  1 i z a t i  on -__ 

The v e r y  h i g h  tempera tu re  t o  wh ich  these  ashes were heated  y i e l d e d  an i nc rease  
i n  e lemen ta l  v o l a t i l i t i e s  f rom a l l  c o a l s .  However, t h e r e  was no e lement  wh ich  was 
l o s t  f rom eve ry  one o f  t h e  s i x  p r i m a r y  c o a l s .  
a rsen ic  f rom f o u r ,  g a l l i u m  and y t t r i u m  f rom two each, and germanium f rom one 
b i tum inous  c o a l ,  w i t h  manganese, po tass ium,  sodium, s t r o n t i u m ,  and zi_n_C fcoin-NBSl635 
on ly .  In t h e  l i t e r a t u r e ,  one r e p o r t  i n d i c a t e d  c o n s j s t e n t  and comple te  
v o l a t i l i z a t i o n  o f  a r s e n i c  by  140@0C, whi-1-e t h e  a l k a l i s ,  sodium and po tass ium,  as 
w e l l  as stront.i.um,- *e re  c o n s i d e r e d  i n v o l a t i l e .  Coba l t  and vanadium were n o t  

-- -observed t o  have been v o l a t i l i z e d  f rom any o f  t h e  c o a l s  o f  t h i s  s tudy .  

T h a l l i u m  was l o s t  f rom f i v e  coa ls ,  

- Envi ronmenta l  Cons ide ra t i on&  

The v o l a t i l i t i e s  o f  t h e  i n o r g a n i c  e lements  s t u d i e d  i n  t h i s  p r o j e c t  a r e  o f  
c o n s i d e r a b l e  i n t e r e s t  i n  r e l a t i o n  t o  t h e  c l a s s i f i c a t i o n s  o f  p o t e n t i a l  env i ronmen ta l  
concern  as ass igned  i n  a N a t i o n a l  Research Counc i l  Panel Repor t  t o  t r a c e  e lements  i n  
r e f e r e n c e  t o  impac t  on e n v i r o n m e n t a l  q u a l i t y  and h e a l t h  ( 8 ) .  The exac t  reason ing  
beh ind  one o r  o t h e r  d e s i y n a t i o n  f o r  a p a r t i c u l a r  e lement  i s  q u i t e  complex, t a k i n g  
i n t o  c o n s i d e r a t i o n  such aspec ts  a s  t o x i c i t y  t o  human, animal and p l a n t  l i f e ,  
chemical  r e a c t i v i t y  f o l l o w i n g  r e l e a s e  i n t o  t h e  env i ronment ,  l e a c h a b i l i t y  by  
y roundwaters ,  amongst o t h e r s .  These e lements  a r e  c a t e g o r i z e d  i n  Tab le  3 and l i s t e d  
a l s o  acco rd ing  t o  t h e  f o l l o w i n g  v o l a t i l i t y  d e s i g n a t i o n s  as observed i n  t h i s  s tudy :  

( v o l a t i l i z a t i o n  g e n e r a l l y  observed i n  c o a l s  be low 815OC) 
moderate ( v o l a t i l i z a t i o n  obse rved  f o r  c o a l s  be low 1500OC) 
- l o w ( v o l a t i l  i z a t i  on neg l  i g i  b l e  a t  1500°C) 

Tab le  3 i n d i c a t e s  t h a t  6, Cd, Hg, Se, and F a r e  c l a s s i f i e d  as moderate o r  
g r e a t e s t  env i ronmen ta l  conce rn  and a l s o  h i g h  v o l a t i l i t y .  Bo th  B and F have 
r e l a t i v e l y  l a r g e  c o n c e n t r a t i o n s  i n  most c o a l s  (>50 ppm), Se i s  g e n e r a l l y  %l ppm or 
h i g h e r ,  and Hg and Cd tend  t o  be  l o w e r  t h a n  1 ppm. T h i s  comb ina t ion  o f  t o x i c i t y ,  
c o n c e n t r a t i o n ,  and v o l a t i l i t y  g i v e s  some q u a l i t a t i v e  emphasis t o  an e lements  
p o s s i b l e  env i ronmen ta l  impact .  

CONCLUSION 

The i n v e s t i g a t i o n  o f  t h e  v o l a t i l i t y  b e h a v i o r  o f  58 e lements  i n  c o a l s ,  f r o m  
ana lyses  o f  t h e  whole c o a l s  and t h e i r  ashes prepared under  s t a t i c  o x i d i z i n g  
c o n d i t i o n s  a t  t empera tu res  up t o  15OO0C, showed t h a t  o n l y  v e r y  few elements a r e  l o s t  
up t o  815'C. 
ash ing  t o  p r e p a r e  coa l  samples f o r  a n a l y s i s .  By 1500°C, v o l a t i l i z a t i o n  l o s s e s  o f  
n e a r l y  o n e - t h i r d  o f  t h e  i n o r g a n i c  e lements  s t u d i e d  became a p p r e c i a b l e .  

The most p r o b a b l e  f a c t o r s  a f f e c t i n g  t h e  v o l a t i l i t y  o f  an e lement  a r e  t h e  
ambien t  chemical  and p h y s i c a l  s t a t e s .  V o l a t i l i z a t i o n  w i l l  depend upon t h e  
d i s t r i b u t i o n  o f  t h e  e lement  between v a r i o u s  m i n e r a l  phases o r  o r g a n i c a l l y  a s s o c i a t e d  

T h i s  g i v e s  f u r t h e r  s u p p o r t  f o r  u t i l i z a t i o n  o f  l ow- tempera tu re  plasma 
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spec ies  i n  the  c o a l ,  and upon t h e  p r e v a i l i n g  tempera tu re  and o x i d i z i n g  o r  reduc ing  
c o n d i t i o n s  d u r i n g  combust ion.  
v a r i o u s  c o n d i t i o n s  suppor t  t h i s  conc lus ion .  
c o m p l e t i o n  o f  ash ing  under RFA and 37OOC c o n d i t i o n s  t a k e s  many days. 
s t u d y  c o u l d  no t ,  n o r  d i d  i t  seek t o ,  ach ieve  a tho rough  assessment o f  t hese  f a c t o r s .  

Observa t i ons  o f  bo ron  and mercu ry  v o l a t i l i t i e s  under  
Time e f f e c t s  may a l s o  be i m p o r t a n t ,  as 
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Tab le  1. Methods U t i l i z e d  f o r  t h e  Ana lyses  o f  Coal and Coal Ash. 

t '  

f 

NAA XRF OES I C P  AAS I S E  

Ag X X 

A1 x x  
As x x  
B x x  
B a X X X X  

Be X 

B i  X 

B r  X '  X 

Ca x x  
Cd X 
Ce X X 

- c o x x x  

C r  X x x  
c s  x x 
cu  x x x  

~~ 

NAA XRF OES ICP AAS 

Lu x x 
Mg x x  
Mn x x x x  
Mo X X 

Na X x x x  
N i  x x x x  
P x x  
Pb X 

Rb X X X_- - 
Sb X X 

sc x x 
Se X X 

S i  

Sm X 

Sn X 

x x  

Dy X X Sr x x x  
E u  x Ta X X 

F X Tb X 

Fe x x  Te X 

Ga X X Th X X 
Gd X 

Ge X T1 X X 
H f  X X W X 

U x x  Hg X 

Ho X v x x x  
I n  x x  Y X 

x x x  Yb X X 

T i  x x x  

K X 

La X 

L i  X Zr 

Zn x x x x  
x x x  

Il 

I 

r 
I 

/ 
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T a b l e  2. Elements w i t h  s i g n i f i c a n t  v o l a t i l i z a t i o n  observed i n i t i a l l y  a t  i n d i c a t e d  
tempera tures .  

Coal Number RFA, 
(Rank C l a s s i f i c a t i o n )  %150°C 370°C 815OC 1500°C 

SC143B 
(B i tum inous )  

SC146 
(B i tum inous )  

SC147 
(B i tum inous )  

SC151 
(B i tum inous )  

NBS1632a 
(B i tum inous )  

NBS1635 
(Subb i tuminous)  

f l u o r i n e  broini  ne cadmi um 
merc u ry  s e l  e n i  urn 

b romine 
f l u o r i n e  
se len ium 

broini  ne 
f l u o r i n e  

bromine 
f l u o r i n e  

bromine 
f l u o r i n e  

bo ron  
f l u o r i n e  

bo ron  cadmi um 
mercury  

boron se len ium 
mercury  

boron 
mercury  
se len ium 

bo ron  
mercury  
s e l  e n i  um 

mercury  
s e l  en i uni 

a rse  i c  
g a l l  um 
t h a l  ium 
y t t r  urn 

a r s e n i c  
cadmi urn 
t h a l  1 i um 

a r s e n i c  
cadmi urn 
germani urn 
t h a l  1 i um 

a r s e n i c  
cadmi urn 
g a l l i u m  
t h a l l  i um 
y t t r i u m  

manganese 
po tass ium 
sodium 
s t  r o n t  i um 
t h a l l i u m  
z i n c  

Note  1. The f o l l o w i n g  e lements  may be v o l a t i l i z e d  a t  150OOC i n  t h e  i n d i c a t e d  c o a l s ,  
however t h e  d a t a  i s  e i t h e r  n o t  s u f f i c i e n t l y  a c c u r a t e  f o r  a f i r m  c o n c l u s i o n  
t o  be drawn o r  t h e r e  i s  un reso lved  c o n f l i c t  between d a t a  f rom d i f f e r e n t  
a n a l y s i s  techn iques :  

Ce (NBS1635) Pb (SC147) 
Ga (SC146) K (NBS1632 

Note  2. Boron was l o s t  o n l y  a t  37OOC from SC146, SC147, SC151 and NBS1632a, b u t  
f rom t h e  RFA, 37OOC and 1500°C res idues  f rom NBS1635. No B was l o s t  f rom 
any 815OC ash p r e p a r a t i o n .  

Note  3. Those e lements  wh ich  were be low t h e  l i m i t s  o f  d e t e c t i o n  a re  summarized as 
f o l l  ows: 

A1 1 coa l  s B i  , Gd, Ho, Te NBS1632A Dy, I n  
SC143B DY, In ,  P NBS1635 As, B r ,  Cd, Cs, Co, Dy 
SC146 I n  Ge, Hf,  I n ,  Lu, Rb, Sb, 
SC147 I n ,  P Sb, Sn, Ta, Th, U, Yb 
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Tab le  3. V o l a t i l i t y  c l a s s i f i c a t i o n s  o f  ' e lemen ts  o f  concern '  

NRC PECH Panel C l a s s i f i c a t i o n  (8)  e lement  v o l a t i l i t y  

g r e a t e s t  concern  a r s e n i c  mode r a t e  
boron h i g h  
cadmi urn h i g h  
1 ead 1 ow 
mercury  h i g h  
molybdenum 1 ow 
s e l  e n i  urn h i g h  

moderate concern  

m ino r  concern  

- 

r a d i o a c t i v e  

e lements  o f  concern  b u t  
w i t h  n e g l i g i b l e  c o n c e n t r a t i o n s  

chromi um 
copper  
f l u o r i n e  
n i c k e l  
vanadi  um 
z i n c  

an t imony 
b a r i  um 
bromine 
c h l o r i n e  
c o b a l t  
germanium 
1 i t  h i  urn 
manganese 
s o d i  um 
s t r o n t i u m  

t h o r i u m  
uran ium 

b e r y l  1 i um 
t e l l u r i u m  
t ha1 1 i urn 

1 ow 
1 ow 
h i g h  
1 ow 
1 ow 
mod e7-at e 

1 ow 
1 ow 
h i g h  

1 ow 
moderate 
1 ow 
moderate 
modera te  
moderate 

1 ow 
1 ow 
1 ow 

modera te  
t i n  1 ow 

R e f e r  t o  t e x t  f o r  v o l a t i l i t y  c l a s s i f i c a t i o n  bases. 

1 3 4  


